The importance of including an adequate test for the discovery of deficiencies in color vision in any thorough medical examination of students has long been recognized; it is obviously desirable to detect at an early age those individuals who will be excluded from pursuing careers in occupations which require good color perception. For several years the Ishihara color vision test was used as part of the annual medical examination of the students at an eastern preparatory school, but in the 1941 examinations the pseudo-isochromatic plates published by the American Optical Company and engraved, printed, and copyrighted by the Beck Engraving Company in 1940 were used. In the course of testing the color vision of 726 male adolescents with these plates, we noted that only a small percentage of individuals gave the correct response to every plate, that a large number failed more than ten per cent of the plates, and that a variety of different responses were made to the same plate by apparently normal individuals. Our results from that testing program yielded so many individuals about whose color vision we were in doubt that we decided to make a critical evaluation of these color vision test plates and to attempt to devise methods of using those plates which would produce more uniform and less confusing results. Method
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The pseudo-isochromatic plates of the American Optical Company were used throughout our testing program. The plates were held three feet from the examinee, diffuse daylight of good intensity (the tests were given between 9:00 A. M. and 4:00 P. M.) came from a window behind the subject, and the plates were read at the rate of approximately one every two seconds. An individual's response was not commented upon and was recorded whenever it differed * From the Department of Health, Phillips Academy, Andover, Massachusetts, and the Department of Refraction, Massachusetts Eye and Ear Infirmary, Boston.
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from the correct* one. Three of the 46 plates are for the detection of malingerers; three other plates (35, 36, and 45) require that special directions be given the subject and these plates were omitted in order to save time and avoid confusion. We have calculated the percentage of plates failed on the basis of 40 plates.
On the basis of the tests carried out on the 726 boys referred to above, three groups of boys were obtained for a careful retesting program: (1) 30 individuals (4.1 per cent) whose color vision was undoubtedly deficient (none of these boys failed less than 23 of the 40 plates); (2) the five boys who failed more than 12 and less than 23 of the 46 plates and whose color vision we originally classified as "doubtful"; and (3) a group of 132 boys selected at random from the 691 other boys in the school. In addition to these three groups of boys, a group of 107 boarding-school girls, who had not previously been given this test, was examined; three of these girls were subsequently put into a color vision deficient group.
Results
In Table 1 are listed the results of the testing program carried out on each of these four groups of individuals, the number in each of the groups who failed each plate is given. Ten of these plates were failed by 12 or more per cent of boys whose color vision we believed to be normal, and on plates 7 and 11 as high as approximately 50 per cent of boys failed to give the correct response. On the basis of these tests three of the girls were put into a color vision deficient group, but 18 of the plates were failed by 12 or more per cent of the remaining 104 girls. Evidence that neither these girls nor the 132 boys had deficient color vision is furnished by the fact that on 15 plates, each of which was failed by more than 50 per cent of the 30 color deficient boys, no more than 3 per cent of our normal boys or girls failed. These 15 plates, each of which was failed by a high percentage of our color vision deficient group and each of which was rarely failed by individuals thought to have normal color vision, were regarded by us as including what might be termed the most efficient and best designed plates. Many of the other plates obviously were read with difficulty by apparently normal individuals, and the possibility of one normal individual accumulating a series *To avoid confusion we use the term "correct response" when it is identical with the response listed on page 8 of the American Optical Company pamphlet which accompanies each set of plates.
80
COLOR VISION TESTS 81 of errors on such plates and having his color vision classified as deficient, is apparent. The total number of errors which apparently normal individuals can accumulate is listed in Table 7 . (104) boys (30) gwrL (3) 'boys (5) No.
No 12, 14, 20, 30, 31, 32, 33, 34, 37 , and 38 which we feel do not give evidence which can be accurately interpreted with ease. Ten plates have been marked with an "*" and are hereafter referred to as "special" plates; none of these plates was failed by any member of our normal groups, while at least four of them were failed by every boy in our color vision deficient group. The scoring of each is clear-cut and does not involve a consideration of alternative numbers.
On the basis of our results listed in Table 2 , it seems reasonable to suggest that if such plates as 7, 8, 17, etc., are retained that they be scored as indicated in Table 3 . This method of evaluating responses seems to us more efficient and valid than either to score as a failure such a response as 85 to plate 17 or to ignore it or to allow each examinee any given number of "careless" errors. Table 4 lists the number and percentage of the 132 normal boys, 104 normal girls, 30 color vision deficient boys, 3 color vision deficient girls, and 5 "doubtful" color vision deficient boys failing each of the 29 plates when the revised scoring is used. The three 90 and all but 3 of the plates were failed by more than 50 per cent of that group. That this revised method of using only 29 plates (plus the 3 malingerers' plates) and the revised method of scoring do not eliminate the possibility of detecting those individuals whose color vision is only slightly impaired is shown by the data on our five "doubtful" boys. This group made errors on ten of the plates, and the data in Table 8 show that each of these five boys failed at least two of these 29 plates and at least one of the ten "special" plates. boys (30) girls (3) boys ( Table 6 shows a great contrast to the data listed in Table 8 indicates that the revised method of giving the color vision test does not alter the ability to select individuals whose color vision had previously been dassified as "doubtful." All of the boys in this group failed at least two of the 29 tests and at least one of the "special" tests, but none failed as many as did the members of the color vision deficient group. It is of interest to note that the two boys in this group and one of the girls (see Table 9 ) who failed only one of the "special" plates, all failed the same plate, number 19. Of the group of 107 girls tested, only three failed more than one plate when the revised method was used; none of the three failed as many plates as did the boys in the color vision deficient group, and all of them failed a few more tests than did the members of the "doubtful" group of boys. Discussion The data presented in Tables 1 and 2 dearly indicate that if the pseudo-isochromatic plates are used and scored as suggested in the pamphlet which accompanies them, the examiner will have to determine whether the errors made by the majority of his subjects are, or are not, of significance. Many errors made by many subjects may undoubtedly be charged to either apprehension or carelessness, but when 20 per cent or more normal individuals make the same or similar errors on as many as six different plates, and when more than 20 per cent of normal individuals fail more than 10 per cent of the plates, an examiner finds it difficult to decide which responses to consider "careless" errors, which ones to record as failures, and which plates he can consider as valid tests. All these questions are further complicated by his desire neither to make the mistake of considering an individual with normal color perception to be deficient nor to make the error of passing over an individual whose color perception is only slightly, but definitely, impaired. Our data would appear amply to justify the development of a revised method of administering and scoring this color vision test. A review of the results offered in Table 2 makes it clear that some of the responses listed in the pamphlet which accompanies these plates vary considerably from our data, and that there is such a variety in the responses of normal individuals to some of the plates that the further use of them would appear to lead only to confusion.
On the basis of the data in Table 2 we suggest two new methods of administering and scoring a color vision test utilizing these pseudo-isochromatic plates. In the first method 32 of the plates (including three malingerers' plates) are retained, and the responses to these plates are to be scored as outlined in Table 3 . When the responses made by our subjects to these 32 plates were re-scored in this manner, no normal subject failed more than one plate, and yet the percentage of plates failed by individuals with deficient color vision underwent no significant change. It would appear that this method can produce uniform results and eliminate the necessity of an examiner making a decision as to whether or not any error is "careless" or is indicative of impaired color perception.
